Introduction
Over the past several decades anabolic steroid use in athletes has increased. Athletes perceive benefits of steroid use as gains in strength and rapid recovery from stressful workouts. Because the use of anabolic steroids remains illicit, detailed knowledge of their side effects is unknown.
Reported side effects emanate from case reports, retrospective studies, and comparisons drawn from prospective studies of steroid therapy in patients with a variety of wasting syndromes. Further confusing the specific side effects of a given anabolic steroid is the common practice that many athletes take multiple drugs simultaneously and in multiple administration routes [ 1 .. ] . Additionally, physiologic differences between patients with wasting syndromes and athletes limit our ability to extrapolate the results of controlled studies to anabolic steroid use in sports [2] . One other compounding factor in determining which side effects arise from anabolic steroid use is that users also ingest other illicit drugs including cocaine, marijuana, alcohol, and tobacco [1 .. ]. Doctors and training staff must be aware of the potential harms in order to both recognize and more importantly educate patients about these possibly life-threatening adverse effects.
Background
Testosterone is the prototype for androgenic anabolic steroids (AAS) and in its unmodified form has a very short biologic half-life [ 3 .. J. Rapid metabolism by the cytochrome P450 system in the liver leads to poor bioavailability with oral administration [ 1••] . Designer AAS are altered so as to increase the bioavailability and prolong the desired effects. For example, testosterone's half-life is measured in minutes, whereas fluoxymesterone, a synthetic AAS, has a half-life of 9.2 hours.
The two major effects of testosterone are androgenic and anabolic. Androgenic effects stimulate development of secondary sexual characteristics and growth of the male reproductive system, and anabolic effects increase protein synthesis and nitrogen fixation [ 4] . The goai of many of the designer steroids is to minimize the androgenic side effects while maximizing the anabolic potential. Because no synthetic molecule is completely anabolic, the results these molecules produce remain mixed with both androgenic (masculinizing) and anabolic (tissue-building) changes seen in the body.
Two modifications made to the testosterone molecule alter the androgenic/anabolic profile, and thus the type Athletes often alternate or combine multiple forms of AAS in an effort to maximize benefits while minimizing side effects [ 3 .. I. Users often take an average of five different drugs to achieve supraphysiologic anabolic levels exceeding 40 to 100 times the normal physiologic hormonal effects [3 .. ,51. This use of a combination of products is commonly referred to as stacking, and it is this stacking that makes it difficult to pinpoint the direct effect of different agents [3 .. ,51. The major side effects of trying to achieve supraphysiologic anabolic levels are directly attributable to the associated increased androgen exposure [ 6 .. I. Because AAS are suspected of being harmful, determining side effects through prospective, randomized control studies would be unethical and clearly no one would be likely to study the effects of stacking in a human population. Therefore, much of our evidence is based upon animal studies, case reports, or long-term data in patients with chronic disease treated with androgen therapy.
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The effects of AAS tend to follow a linear doseresponse curve for both anabolic and androgenic actions, although at high doses there appears to be a plateau to their physiologic effects. The supraphysiologic doses used by athletes far exceed the saturation point of the androgenic receptors. Therefore, there must be additional mechanisms to explain why supraphysiologic doses of steroids seem to enhance strength. Following are three different physiologic mechanisms through which AAS tend to exert their effects.
First, AAS improve the body's utilization of ingested protein, which favorably alters nitrogen balance. They mainly stimulate protein synthesis by turning on gene transcription after binding to androgenic receptors at the cellular level. Androgens exert their effects on a number of varied tissues including bone, adipose tissue, skeletal muscle, brain, prostate, liver, and kidney, as well as reproductive tissues. Therefore, a more complex understanding at the cellular level is needed to explain the variety of effects, knowing that their actions are mediated by only one androgen receptor. [71. These receptors appear to be identical in muscle and various other organs, but their absolute number and affinity for various types of AAS potentially explain the variety of different effects in multiple organ systems and from various AAS products [81. Some effects of testosterone are mediated through conversion to other bioactive compounds including dihydrotestosterone and estradiol [9 I.
A second effect of steroids is to displace glucocorticoids from binding to their receptors, thus exerting an anticatabolic effect. Because glucocorticoids usually depress protein synthesis, this antagonistic effect explains muscle mass gain and also the utility of these drugs in wasting syndromes [71.
A third postulated effect of steroids is that they confer a psychologic benefit to athletes wishing to gain strength. AAS users describe a euphoria or high following ingestion that allows them to work harder during workouts and recover more rapidly, which allows them both to intensify their training and become more aggressive in competition [71.
Cholesterol Changes
An association between premature cardiovascular events and the misuse of AAS in athletes has been observed [10••1. This is believed to be primarily mediated through changes in the lipid profile. Although endurance exercise favorably affects the lipid profile primarily through an antiatherogenic effect of raising high-density lipoprotein (HDL) cholesterol and lowering triglycerides, heavy resistance training alone fails to show a similar effect [2 I.
This implies that the effect of AAS on lipid profile may confounded by the type of training the athlete pursues. Multiple prospective studies of AAS effects on cholesterol have yielded varied results. The majority of results (stud-
